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(57) ABSTRACT 

An electrochromic element comprises a ?rst substrate hav 
ing a ?rst surface and a second surface opposite the ?rst 
surface, a second substrate in spaced-apart relationship to 
the ?rst substrate and having a third surface facing the 
second surface and a fourth surface opposite the third 
surface, and an electrochromic medium located between the 
?rst and second substrates, Wherein the electrochromic 
medium has a light transmittance that is variable upon 
application of an electric ?eld thereto. The electrochromic 
element further comprises a transparent electrode layer 
covering at least a portion of at least a select one of the ?rst 
surface, the second surface, the third surface, and the fourth 
surface, Wherein the transparent electrode layer comprises 
an insulator/metal/insulator stack. The materials utiliZed to 
construct the insulator/metal/insulator stack are selected to 
optimize optical and physical properties of the electrochro 
mic element such as re?ectivity, color, electrical sWitch 
stability, and environmental durability. 
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ELECTRO-OPTICAL ELEMENT INCLUDING 
IMI COATINGS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/779,369, ?led Mar. 3, 2006, 
entitled IMPROVED COATINGS AND REARVIEW ELEMENTS 
INCORPORATING THE COATINGS, and U8. Provisional Appli 
cation No. 60/810,921, ?led Jun. 5, 2006, entitled ELECTRO 
CHROMIC REARVIEW MIRROR ASSEMBLY INCORPORATING A 
DISPLAY/ SIGNAL LIGHT, both of Which are hereby incorpo 
rated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to electrochromic elements 
as utiliZed Within rearvieW mirror assemblies for motor 
vehicles, as Well as Within WindoW assemblies, and more 
particularly, to improved electrochromic elements for use 
Within such assemblies. More particularly, the present inven 
tion relates to electrochromic elements that comprise trans 
parent electrode layers that include insulator/metal/insulator 
stacks. 
[0003] Heretofore, various rearvieW mirrors for motor 
vehicles have been proposed Which change from the full 
re?ectance mode (day) to the partial re?ectance mode(s) 
(night) for glare-protection purposes from light emanating 
from the headlights of vehicles approaching from the rear. 
Similarly, variable transmittance light ?lters have been pro 
posed for use in architectural WindoWs, skylights, Within 
WindoWs, sunroofs, and rearvieW mirrors for automobiles, as 
Well as for WindoWs or other vehicles such as aircraft 
WindoWs. Among such devices are those Wherein the trans 
mittance is varied by thermochromic, photochromic, or 
electro-optic means (e.g., liquid crystal, dipolar suspension, 
electrophoretic, electrochromic, etc.) and Where the variable 
transmittance characteristic a?fects electromagnetic radia 
tion that is at least partly in the visible spectrum (Wave 
lengths from about 3800 A to about 7800 A). Devices of 
reversibly variable transmittance to electromagnetic radia 
tion have been proposed as the variable transmittance ele 
ment in variable transmittance light-?lters, variable re?ec 
tance mirrors, and display devices, Which employ such 
light-?lters or mirrors in conveying information. 
[0004] Devices of reversibly variable transmittance to 
electromagnetic radiation, Wherein the transmittance is 
altered by electrochromic means, are described, for 
example, by Chang, “Electrochromic and Electrochemichro 
mic Materials and Phenomena,” in Non-emissive Eleclroop 
tic Displays, A. KmetZ and K. von Willisen, eds. Plenum 
Press, NeW York, NY 1976, pp. 155-196 (1976) and in 
various parts of Eleclrochromism, P. M. S. Monk, R. J. 
Mortimer, D. R. Rosseinsky, VCH Publishers, Inc., NeW 
York, NY (1995). Numerous electrochromic devices are 
knoWn in the art. See, e.g., Manos, US. Pat. No. 3,451,741; 
Bredfeldt et al., US. Pat. No. 4,090,358; Clecak et al., US. 
Pat. No. 4,139,276; Kissa et al., US. Pat. No. 3,453,038; 
Rogers, US. Pat. Nos. 3,652,149, 3,774,988 and 3,873,185; 
and Jones et al., US. Pat. Nos. 3,282,157, 3,282,158, 
3,282,160 and 3,283,656. In addition to these devices, there 
are commercially available electrochromic devices and 
associated circuitry, such as those disclosed in US. Pat. No. 
4,902,108, entitled “SINGLE-COMPARTMENT, SELF 
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ERASING, SOLUTION-PHASE ELECTROCHROMIC 
DEVICES SOLUTIONS FOR USE THEREIN, AND USES 
THEREOF,” issued Feb. 20, 1990, to H. J. Byker; Canadian 
Patent No. 1,300,945, entitled “AUTOMATIC REARVIEW 
MIRROR SYSTEM FOR AUTOMOTIVE VEHICLES,” 
issued May 19, 1992, to J. H. Bechtel et al.; US. Pat. No. 
5,128,799, entitled “VARIABLE REFLECTANCE MOTOR 
VEHICLE MIRROR,” issued Jul. 7, 1992, to H. J. Byker; 
US. Pat. No. 5,202,787, entitled “ELECTRO-OPTIC 
DEVICE,” issued Apr. 13, 1993, to H. J. Byker et al.; US. 
Pat. No. 5,204,778, entitled “CONTROL SYSTEM FOR 
AUTOMATIC REARVIEW MIRRORS,” issued Apr. 20, 
1993, to J. H. Bechtel; US. Pat. No. 5,278,693, entitled 
“TINTED SOLUTION-PHASE ELECTROCHROMIC 
MIRRORS,” issued Jan. 11, 1994, to D. A. Theiste et al.; 
US. Pat. No. 5,280,380, entitled “UV-STABILIZED COM 
POSITIONS AND METHODS,” issued Jan. 18, 1994, to H. 
J. Byker; US. Pat. No. 5,282,077, entitled “VARIABLE 
REFLECTANCE MIRROR,” issued Jan. 25, 1994, to H. J. 
Byker; US. Pat. No. 5,294,376, entitled “BIPYRIDINIUM 
SALT SOLUTIONS,” issued Mar. 15, 1994, to H. J. Byker; 
US. Pat. No. 5,336,448, entitled “ELECTROCHROMIC 
DEVICES WITH BIPYRIDINIUM SALT SOLUTIONS,” 
issuedAug. 9, 1994, to H. J. Byker; US. Pat. No. 5,434,407, 
entitled “AUTOMATIC REARVIEW MIRROR INCORPO 
RATING LIGHT PIPE,” issued Jan. 18, 1995, to F. T. Bauer 
et al.; US. Pat. No. 5,448,397, entitled “OUTSIDE AUTO 
MATIC REARVIEW MIRROR FOR AUTOMOTIVE 
VEHICLES,” issued Sep. 5, 1995, to W. L. Tonar; and US. 
Pat. No. 5,451,822, entitled “ELECTRONIC CONTROL 
SYSTEM,” issued Sep. 19, 1995, to J. H. Bechtel et al. Each 
of these patents is commonly assigned With the present 
invention and the disclosures of each, including the refer 
ences contained therein, are hereby incorporated herein in 
their entirety by reference. Such electrochromic devices may 
be utiliZed in a fully integrated inside/outside rearvieW 
mirror system or as separate inside or outside rearvieW 
mirror systems, and/or variable transmittance WindoWs. 

[0005] FIG. 1 shoWs the cross-section of a typical elec 
trochromic mirror device 10, having a front planar substrate 
12 and a rear planar substrate, and of Which the general 
layout is knoWn. A transparent conductive coating 14 is 
provided on the rear face of the front element 12, and 
another transparent conductive coating 18 is provided on the 
front face of rear element 16. A re?ector 20, typically 
comprising a silver metal layer 20a covered by a protective 
copper metal layer 20b, and one or more layers of protective 
paint 200, is disposed on the rear face of the rear element 16. 
For clarity of description of such a structure, the front 
surface 12a of the front glass element 12 is sometimes 
referred to as the ?rst surface, and the inside surface 12b of 
the front glass element 12 is sometimes referred to as the 
second surface, the inside surface 16a of the rear glass 
element 16 is sometimes referred to as the third surface, and 
the back surface 16b of the rear glass element 16 is some 
times referred to as the fourth surface. In the illustrated 
example, the front glass element further includes an edge 
surface 120, While the rear glass element includes an edge 
surface 160. The front and rear elements 12,16 are held in a 
parallel and spaced-apart relationship by seal 22, thereby 
creating a chamber 26. The electrochromic medium 24 is 
contained in space or chamber 26. The electrochromic 
medium 24 is in direct contact With transparent electrode 
layers 14 and 18, through Which passes electromagnetic 



US 2007/0206263 A1 

radiation Whose intensity is reversibly modulated in the 
device by a variable voltage or potential applied to electrode 
layers 14 and 18 through clip contacts and an electronic 
circuit (not shoWn). 
[0006] The electrochromic medium 24 placed in chamber 
26 may include surface-con?ned, electrode position-type or 
solution-phase-type electrochromic materials and combina 
tions thereof. In an all solution-phase medium, the electro 
chemical properties of the solvent, optional inert electrolyte, 
anodic materials, cathodic materials, and any other compo 
nents that might be present in the solution are preferably 
such that no signi?cant electrochemical or other changes 
occur at a potential difference Which oxidizes anodic mate 
rial and reduces the cathodic material other than the elec 
trochemical oxidation of the anodic material, electrochemi 
cal reduction of the cathodic material, and the self-erasing 
reaction betWeen the oxidiZed form of the anodic material 
and the reduced form of the cathodic material. 
[0007] In most cases, When there is no electrical potential 
difference betWeen transparent conductors 14 and 18, the 
electrochromic medium 24 in chamber 26 is essentially 
colorless or nearly colorless, and incoming light (IO) enters 
through the front element 12, passes through the transparent 
coating 14, the electrochromic medium 24 in chamber 26, 
the transparent coating 18, the rear element 16, and re?ects 
off the layer 2011 and travels back through the device and out 
the front element 12. Typically, the magnitude of the 
re?ected image (IR) With no electrical potential difference is 
about 45 percent to about 85 percent of the incident light 
intensity (IO). The exact value depends on many variables 
outlined beloW, such as, for example, the residual re?ection 
(I'R) from the front face of the front element, as Well as 
secondary re?ections from the interfaces betWeen the front 
element 12 and the front transparent electrode 14, the front 
transparent electrode 14 and the electrochromic medium 24, 
the electrochromic medium 24 and the second transparent 
electrode 18, and the second transparent electrode 18 and the 
rear element 16. These re?ections are Well knoWn in the art 
and are due to the difference in refractive indices betWeen 
one material and another as the light crosses the interface 
betWeen the tWo. If the front element and the back element 
are not parallel, then the residual re?ectance (PR) or other 
secondary re?ections Will not superimpose With the re?ected 
image (I R) from mirror surface 20a, and a double image Will 
appear (Where an observer Would see What appears to be 
double (or triple) the number of objects actually present in 
the re?ected image). 
[0008] There are minimum requirements for the magni 
tude of the re?ected image depending on Whether the 
electrochromic mirrors are placed on the inside or the 
outside of the vehicle. For example, according to current 
requirements from most automobile manufacturers, inside 
mirrors preferably have a high end re?ectivity of at least 40 
percent, and outside mirrors must have a high end re?ec 
tivity of at least 35 percent. 
[0009] The electrode layers 14 and 18 are connected to 
electronic circuitry Which is effective to electrically energiZe 
the electrochromic medium, such that When a potential is 
applied across the conductors 14 and 18, the electrochromic 
medium in chamber 26 darkens, such that incident light (I O) 
is attenuated as the light passes toWard the re?ector 20a and 
as it passes back through after being re?ected. By adjusting 
the potential difference betWeen the transparent electrodes, 
such a device can function as a “gray-scale” device, With 
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continuously variable transmittance over a Wide range. For 
solution-phase electrochromic systems, When the potential 
betWeen the electrodes is removed or returned to Zero, the 
device spontaneously returns to the same, Zero-potential, 
equilibrium color and transmittance as the device had before 
the potential Was applied. Other electrochromic materials 
are available for making electrochromic devices. For 
example, the electrochromic medium may include electro 
chromic materials that are solid metal oxides, redox active 
polymers, and hybrid combinations of solution-phase and 
solid metal oxides or redox active polymers; hoWever, the 
above-described solution-phase design is typical of most of 
the electrochromic devices presently in use. 

[0010] Even before a fourth surface re?ector electrochro 
mic mirror such as that shoWn in FIG. 1 Was commercially 
available, various groups researching electrochromic 
devices had discussed moving the re?ector from the fourth 
surface to the third surface. Such a design has advantages in 
that it should, theoretically, be easier to manufacture because 
there are feWer layers to build into a device, i.e., the third 
surface transparent electrode is not necessary When there is 
a third surface re?ector/electrode. Although this concept Was 
described as early as 1966, no group had commercial 
success because of the exacting criteria demanded from a 
Workable auto-dimming mirror incorporating a third surface 
re?ector. U.S. Pat. No. 3,280,701, entitled “OPTICALLY 
VARIABLE ONE-WAY MIRROR,” issued Oct. 25, 1966, to 
J. F. Donnelly et al. has one of the earliest discussions of a 
third surface re?ector for a system using a pH-induced color 
change to attenuate light. 
[0011] Us. Pat. No. 5,066,112, entitled “PERIMETER 
COATED, ELECTRO-OPTIC MIRROR,” issued Nov. 19, 
1991, to N. R. Lynam et al., teaches an electro-optic mirror 
With a conductive coating applied to the perimeter of the 
front and rear glass elements for concealing the seal. 
Although a third surface re?ector is discussed therein, the 
materials listed as being useful as a third surface re?ector 
suffer from the de?ciencies of not having su?icient re?ec 
tivity for use as an inside mirror, and/or not being stable 
When in contact With a solution-phase electrochromic 
medium containing at least one solution-phase electrochro 
mic material. 

[0012] Others have broached the topic of a re?ector/ 
electrode disposed in the middle of an all solid state-type 
device. For example, U.S. Pat. Nos. 4,762,401, 4,973,141, 
and 5,069,535 to Baucke et al. teach an electrochromic 
mirror having the folloWing structure: a glass element, a 
transparent indium-tin-oxide electrode, a tungsten oxide 
electrochromic layer, a solid ion conducting layer, a single 
layer hydrogen ion-permeable re?ector, a solid ion conduct 
ing layer, a hydrogen ion storage layer, a catalytic layer, a 
rear metallic layer, and a back element (representing the 
conventional third and fourth surface). The re?ector is not 
deposited on the third surface and is not directly in contact 
With electrochromic materials, certainly not at least one 
solution-phase electrochromic material and associated 
medium. Consequently, it is desirable to provide an 
improved high re?ectivity electrochromic rearvieW mirror 
having a third surface re?ector/electrode in contact With a 
solution-phase electrochromic medium containing at least 
one electrochromic material. Electrochromic WindoWs that 
have been proposed, typically include an electrochromic cell 
similar to that shoWn in FIG. 1, but Without layer 20a, 20b 
and 200. 



US 2007/0206263 A1 

[0013] While the adaptation of a re?ective third surface 
electrochromic device has assisted in solving many prob 
lems, numerous de?ciencies Within these elements still exist. 
Various attempts have been made to provide an electrochro 
mic element With a second surface transparent conductive 
oxide that is relatively loW cost Without sacri?cing optical 
and physical characteristics, such as re?ectivity, color, elec 
trical sWitch stability, and environmental durability. While 
previous approaches have focused on indium tin oxide 
layers, these attempts have not effectively solved the myriad 
of problems noted above. Speci?cally, several issues support 
the development of transparent conductor alternatives to 
indium-tin oxide. For example, rapid switching electrochro 
mic devices require loW sheet resistance materials on both 
sides of the associated cell. Large electrochromic cells are 
particularly sensitive to sheet resistance, While high sheet 
resistance conductors lead to signi?cant potential drops 
across the conductor surfaces. These spatial potential drops 
reduce the local current density and sloW the color change in 
the affected area leading to effects such as irising. Other 
inherent di?iculties and failures associated With previous 
electrochromic systems are set forth herein. 
[0014] It is therefore desirable to provide an electrochro 
mic element that includes a transparent electrode Whose 
components reduce the overall cost of the electrochromic 
element Without sacri?cing optical and physical character 
istics, such as re?ectivity, color, electrical sWitch stability, 
environmental durability and the like. 

SUMMARY OF THE INVENTION 

[0015] One aspect of the present invention is an electro 
chromic element comprising a ?rst substrate having a ?rst 
surface and a second surface opposite the ?rst surface, a 
second substrate in spaced-apart relationship to the ?rst 
substrate and having a third surface facing the second 
surface and a fourth surface opposite the third surface, and 
an electrochromic medium located betWeen the ?rst and 
second substrates, Wherein the electrochromic medium has 
a light transmittance that is variable upon the application of 
an electric ?eld thereto. The electrochromic element further 
comprises a transparent electrode layer covering at least a 
portion of at least a select one of the second surface and the 
third surface, Wherein the transparent electrode layer com 
prises a ?rst insulator layer, at least one metal layer, and a 
second insulator layer, and Wherein the electrochromic ele 
ment displays a color rendering index of greater than or 
equal to 80. 
[0016] Another aspect of the present invention includes an 
electrochromic element comprising a ?rst substrate having a 
?rst surface and a second surface opposite the ?rst surface, 
a second substrate in spaced-apart relationship to the ?rst 
substrate and having a third surface facing the second 
surface and a fourth surface opposite the third surface, and 
an electrochromic medium located betWeen the ?rst and 
second substrates, Wherein the electrochromic medium has 
a light transmittance that is variable upon the application of 
an electric ?eld thereto. The electrochromic element further 
comprises a transparent electrode layer covering at least a 
portion of at least a select one of the second surface and the 
third surface, Wherein the transparent electrode layer com 
prises a ?rst insulator layer, at least one metal layer, and a 
second insulator layer, and Wherein at least a select one of 
the ?rst insulator layer and the second insulator layer 
comprises at least a select one of indium tin oxide, indium 
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Zinc oxide, aluminum Zinc oxide, titanium oxide, CeOx, tin 
dioxide, silicon nitride, silicon dioxide, ZnS, chromium 
oxide, niobium oxide, ZrOx, WO3, nickel oxide, IRO2, and 
combinations thereof. 

[0017] Yet another aspect of the present invention is an 
electrochromic element that comprises a ?rst substrate hav 
ing a ?rst surface and a second surface opposite the ?rst 
surface, a second substrate in spaced-apart relationship to 
the ?rst substrate and having a third surface facing the 
second surface and a fourth surface opposite the third 
surface, and an electrochromic medium located betWeen the 
?rst and second substrates, Wherein the electrochromic 
medium has a light transmittance that is variable upon the 
application of an electric ?eld thereto. The electrochromic 
element further comprises a transparent electrode layer 
covering at least a portion of at least a select one of the 
second surface and the third surface, Wherein the transparent 
electrode layer comprises a ?rst insulator layer, a metal 
layer, and a second insulator layer, and Wherein at least one 
of the ?rst insulator layer and the second insulator layer and 
at least one barrier layer betWeen an insulator layer and the 
metal layer Wherein the barrier layer comprises at least a 
select one gold, ruthenium, rodium, palladium, cadmium, 
copper, nickel, platinum, iridium, and combinations thereof. 
[0018] Still yet another aspect of the present invention is 
an electrochromic element that comprises a ?rst substrate 
having a ?rst surface and a second surface opposite the ?rst 
surface, a second substrate in spaced-apart relationship to 
the ?rst substrate and having a third surface facing the 
second surface and a fourth surface opposite the third 
surface, and an electrochromic medium located betWeen the 
?rst and second substrates, Wherein the electrochromic 
medium has a light transmittance that is variable upon the 
application of an electric ?eld thereto. The electrochromic 
element further comprises a transparent electrode layer 
covering at least a portion of at least a select one of the 
second surface and the third surface, Wherein the transparent 
electrode layer comprises a ?rst insulator layer, a metal 
layer, and a second insulator layer, and Wherein the metal 
layer comprises silver and at least one of the ?rst insulator 
layer and the second insulator layer comprises indium tin 
oxide, indium Zinc oxide, aluminum Zinc oxide, titanium 
oxide, CeOx, tin dioxide, silicon nitride, silicon dioxide, 
ZnS, chromium oxide, niobium oxide, ZrOx, WO3, nickel 
oxide, IRO2, and combinations thereof. 
[0019] Still yet another aspect of the present invention is 
a method for manufacturing an electrochromic element, 
Wherein the method comprises providing a ?rst substrate 
having a ?rst surface and a second surface opposite the ?rst 
surface, providing a second substrate having a third surface 
facing the second surface and a fourth surface opposite the 
third surface, and applying a transparent electrode layer to at 
least a second one of the second surface and the third 
surface, Wherein the transparent electrode layer comprises a 
?rst insulator layer, a metal layer, and second insulator layer. 
The method further includes applying an epoxy to at least a 
select one of the second surface and the third surface, and 
sealing the ?rst substrate to the second substrate by applying 
an infrared radiation to the epoxy, Wherein the minimum 
Wavelength of the infrared radiation is 2.5 um. 
[0020] The present inventive electrochromic element 
includes a transparent electrode Whose components reduce 
the overall cost of the electrochromic element Without 
sacri?cing optical and physical characteristics, such as 
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re?ectivity, color, electrical sWitch stability, environmental 
durability and the like. Moreover, the inventive electrochro 
mic element is relatively easy to manufacture, assists in 
providing a robust manufacturing process, provides versa 
tility in selection of components utiliZed in constructing 
insulator/metal/insulator stacks, and alloWs tailored con 
struction thereof to achieve particular optical and physical 
properties. 
[0021] These and other features, advantages, and objects 
of the present invention Will be further understood and 
appreciated by those skilled in the art by reference to the 
folloWing speci?cation, claims, and appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] In the draWings: 
[0023] FIG. 1 is an enlarged cross-sectional vieW of a prior 
art electrochromic mirror assembly incorporating a fourth 
surface re?ector; 
[0024] FIG. 2 is a front elevational vieW schematically 
illustrating an inside/outside electrochromatic rearvieW mir 
ror system for motor vehicles; 
[0025] FIG. 3 is an enlarged cross-sectional vieW of an 
electrochromic mirror incorporating a third surface re?ec 
tor/electrode taken along the line III-III, FIG. 2; 
[0026] FIG. 4 is a further enlarged cross-sectional vieW of 
a transparent electrode of the area IV, FIG. 3; 
[0027] FIG. 5 is a graph of re?ectance/transmittance ver 
sus Wavelength of ITO on glass Within an incident medium 
of air or electrochromic ?uid; 
[0028] FIG. 6A-6C are graphs of difference in transmit 
tance betWeen and IMI With air and EC ?uid as the incident 
media for different combinations of layer thickness in a 
3-layer IMI stack; 
[0029] FIG. 7 is a graph of change to transmittance versus 
soak time of a ?ve layer IMI stack; 
[0030] FIG. 8 is a graph of a change to resistance versus 
soak time of a ?ve layer IMI stack; 
[0031] FIG. 9 is a graph of sheet resistance and transmit 
tance versus oxygen percentage of a tWo-layer IMI stack; 
[0032] FIG. 10 is a graph of oxygen percentage versus 
extinction coe?icient versus percent roughness of the tWo 
layer IMI stack; and 
[0033] FIG. 11 is a graph of Wavelength versus re?ectance 
for DOE2 sample 7, 8, and 13. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0034] For purposes of description herein, the terms 
“upper,” “loWer,” “right,” “left,” “rear,” “front,” “vertical,” 
“horizontal,” and derivatives thereof shall relate to the 
invention as oriented in FIGS. 1 and 3. HoWever, it is to be 
understood that the invention may assume various alterna 
tive orientations and step sequences, except Where expressly 
speci?ed to the contrary. It is also to be understood that the 
speci?c devices and processes illustrated in the attached 
draWings, and described in the folloWing speci?cation are 
exemplary embodiments of the inventive concepts de?ned in 
the appended claims. Hence, speci?c dimensions and other 
physical characteristics relating to the embodiments dis 
closed herein are not to be considered as limiting, unless the 
claims expressly state otherWise. 
[0035] FIG. 2 shoWs a front elevational vieW schemati 
cally illustrating a vehicle mirror system 100 that includes 
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an inside mirror assembly 110 and tWo outside rearvieW 
mirror assemblies 111a and 11119 for the driver-side and 
passenger-side, respectively, all of Which are adapted to be 
installed on a motor vehicle in a conventional manner and 

Where the mirrors face the rear of the vehicle and can be 
vieWed by the driver of the vehicle to provide a rearWard 
vieW. While mirror assemblies in general are utiliZed herein 
to describe the present invention, it is noted that this 
invention is equally applicable to the construction of elec 
trochromic WindoWs. The inside mirror assembly 110 and 
the outside rearvieW mirror assemblies 111a, 1111) may 
incorporate light-sensing electronic circuitry of the type 
illustrated and described in the above-referenced Canadian 
Patent No. 1,300,945, US. Pat. No. 5,204,778, or US. Pat. 
No. 5,451,822, and other circuits capable of sensing glare 
and ambient light and supplying a drive voltage to the 
electrochromic element. In the illustrated example, electrical 
circuitry 150 is connected to and alloWs control of the 
potential to be applied across the re?ector/electrode 120 and 
transparent electrode 128, such that electrochromic medium 
126 Will darken and thereby attenuate various amounts of 
light traveling therethrough and then vary the re?ectance of 
the mirror containing the electrochromic medium 126. The 
mirror assemblies 110, 111a, 1111) are similar in that like 
numbers identify components of the inside and outside 
mirrors. These components may be slightly different in 
con?guration, but function in substantially the same manner 
and obtain substantially the same results as similarly num 
bered components. For example, the shape of the front glass 
element of the inside mirror 110 is generally longer and 
narroWer than the outside mirrors 111a, 1111). There are also 
some different performance standards placed on the inside 
mirror 110 compared With the outside mirrors 111a, 1111). 
For example, the inside mirror 110 generally, When fully 
cleared, should have a re?ectance value of about 50 percent 
to about 85 percent or higher, Whereas the outside mirrors 
often have a re?ectance of about 50 percent to about 65 
percent. Also, in the United States (as supplied by the 
automobile manufacturers), the passenger-side mirror 111b 
typically has a spherically bent or convex shape, Whereas the 
driver-side mirror 111a and the inside mirror 110 presently 
must be ?at. In Europe, the driver-side mirror 11111 is 
commonly ?at or aspheric, Whereas the passenger-side mir 
ror 11119 has a convex shape. In Japan, both of the outside 
mirrors 111a, 1111) have a convex shape. The folloWing 
description is generally applicable to all mirror assemblies 
of the present invention, While the general concepts are 
equally applicable to the construction of electrochromic 
WindoWs. 

[0036] FIG. 3 shoWs a cross-sectional vieW of the mirror 
assembly 111a having a front transparent substrate 112 
having a front surface 112a and a rear surface 112b, and a 
rear susbtrate 114 having a front surface 114a and a rear 
surface 11419. For clarity of description of such a structure, 
the folloWing designations Will be used hereinafter. The 
front surface 11211 of the front substrate Will be referred to 
as the ?rst surface 112a, and the back surface 112!) of the 
front substrate as the second surface 11219. The front surface 
11411 of the rear substrate Will be referred to as the third 
surface 114a, and the back surface 114!) of the rear substrate 
as the fourth surface 11419. The front substrate 112 further 
includes an edge surface 1120, While the rear substrate 114 
further includes an edge surface 1140. A chamber 125 is 
de?ned by a layer of transparent conductor 128 (carried on 
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the second surface 11219), a re?ector/electrode 120 (disposed 
on the third surface 114a), and an inner circumferential Wall 
132 of a sealing member 116. An electrochromic medium 
126 is contained Within the chamber 125. 

[0037] As broadly used and described herein, the refer 
ence to an electrode or layer as being “carried” on or applied 
to a surface of an element, refers to both electrodes or layers 
that are disposed directly on the surface of an element or 
disposed on another coating, layer or layers that are disposed 
directly on the surface of the element. Further, it is noted that 
the mirror assembly 11111 is described for illustrative pur 
poses only, and that the speci?c components and elements 
may be rearranged therein, such as the con?guration illus 
trated in FIG. 1, and those con?gurations knoWn for elec 
trochromic WindoWs. 

[0038] The front transparent substrate 112 may be any 
material Which is transparent and has sufficient strength to be 
able to operate in the conditions, e.g., varying temperatures 
and pressures, commonly found in the automotive environ 
ment. The front substrate 112 may comprise any type of 
borosilicate glass, soda lime glass, ?oat glass, or any other 
material, such as, for example, a polymer or plastic, that is 
transparent in the visible region of the electromagnetic 
spectrum. The front substrate 112 is preferably a sheet of 
glass. The rear substrate 114 must meet the operational 
conditions outlined above, except that it does not need to be 
transparent in all applications, and therefore may comprise 
polymers, metals, glass, ceramics, and preferably is a sheet 
of glass. 
[0039] The coatings of the third surface 11411 are sealably 
bonded to the coatings on the second surface 112!) in a 
spaced-apart and parallel relationship by the seal member 
116 disposed near the outer perimeter of both the second 
surface 112!) and the third surface 114a. The seal member 
116 may be any material that is capable of adhesively 
bonding the coatings on the second surface 112!) to the 
coatings on the third surface 11411 to seal the perimeter such 
that the electrochromic material 126 does not leak from 
Within the chamber 125. Optionally, the layer of transparent 
conductive coating 128 and the layer of re?ector/electrode 
120 may be removed over a portion Where the seal member 
116 is disposed (not the entire portion, otherWise the drive 
potential could not be applied to the tWo coatings). In such 
a case, the seal member 116 must bond Well to glass. 

[0040] The performance requirements for the perimeter 
seal member 116 used in an electrochromic device are 
similar to those for a perimeter seal used in a liquid crystal 
device (LCD), Which are Well knoWn in the art. The seal 116 
must have good adhesion to glass, metals and metal oxides; 
must have loW permeabilities for oxygen, moisture vapor, 
and other detrimental vapors and indium; and must not 
interact With or poison the electrochromic or liquid crystal 
material it is meant to contain and protect. The perimeter 
seal 116 can be applied by means commonly used in the 
LCD industry, such as by silk-screening or dispensing. 
Totally hermetic seals, such as those made With glass frit or 
solder glass, can be used, but the high temperatures involved 
in processing (usually near 4500 C.) this type of seal can 
cause numerous problems, such as glass substrate Warpage, 
changes in the properties of transparent conductive elec 
trode, and oxidation or degradation of the re?ector. Because 
of their loWer processing temperatures, thermoplastic, ther 
mosetting or UV curing organic sealing resins are preferred. 
Such organic resin sealing systems for LCDs are described 
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in US. Pat. Nos. 4,297,401, 4,418,102, 4,695,490, 5,596, 
023, and 5,596,024. Because of their excellent adhesion to 
glass, loW oxygen permeability and good solvent resistance, 
epoxy-based organic sealing resins are preferred. These 
epoxy resin seals may be UV curing, such as described in 
US. Pat. No. 4,297,401, or thermally curing, such as With 
mixtures of liquid epoxy resin With liquid polyamide resin or 
dicyandiamide, or they can be homopolymeriZed The epoxy 
resin may contain ?llers or thickeners to reduce How and 
shrinkage such as fumed silica, silica, mica, clay, calcium 
carbonate, alumina, etc., and/or pigments to add color. 
Fillers pretreated With hydrophobic or silane surface treat 
ments are preferred. Cured resin crosslink density can be 
controlled by use of mixtures of mono-functional, di-func 
tional, and multi-functional epoxy resins and curing agents. 
Additives such as silanes or titanates can be used to improve 
the seal’s hydrolytic stability, and spacers such as glass 
beads or rods can be used to control ?nal seal thickness and 
substrate spacing. Suitable epoxy resins for use in a perim 
eter seal member 116 include, but are not limited to: “EPON 

RESIN” 813, 825, 826, 828, 830, 834, 862, 1001F, 1002F, 
2012, DPS-155, 164, 1031, 1074, 58005, 58006, 58034, 
58901, 871, 872, and DPL-862 available from Shell Chemi 
cal Co., Houston, Tex.; “ARALITE” GY 6010, GY 6020, 
CY 9579, GT 7071, XU 248, EPN 1139, EPN 1138, PY 307, 
ECN 1235, ECN 1273, ECN 1280, MT 0163, MY 720, MY 
0500, MY 0510, and PT 810 available from Ciba Geigy, 
Hawthorne, NY; and “D.E.R.” 331, 317, 361, 383, 661, 
662, 667, 732, 736, “D.E.N.” 431, 438, 439 and 444 
available from DoW Chemical Co., Midland, Mich. Suitable 
epoxy curing agents include V-15, V-25, and V-40 polya 
mides from Shell Chemical Co.; “AJICURE” PN-23, 
PN-34, and VDH available from Ajinomoto Co., Tokyo, 
Japan; “CUREZOL” AMZ, 2MZ, 2E4MZ, C11Z, C17Z, 
2PZ, 2IZ, and 2P4MZ available from Shikoku Fine Chemi 
cals, Tokyo, Japan; “ERISYS” DDA or DDA accelerated 
With U-405, 24EMI, U-410, and U-415 available from CVC 
Specialty Chemicals, Maple Shade, N.J.; and “AMICURE” 
PACM, 352, CG, CG-325, and CG-1200 available from Air 
Products, AllentoWn, Pa. Suitable ?llers include fumed silica 
such as “CAB-O-SIL” L-90, LM-130, LM-5, PTG, M-5, 
MS-7, MS-55, TS-720, HS-5, and EH-5 available from 
Cabot Corporation, Tuscola, lll.; “AEROSIL” R972, R974, 
R805, R812, R812S, R202, US204, and US206 available 
from Degussa, Akron, Ohio. Suitable clay ?llers include 
BUCA, CATALPO, ASP NC, SATINTONE 5, SATINTONE 
SP-33, TRANSLINK 37, TRANSLINK 77, TRANSLINK 
445, and TRANSLINK 555 available from Engelhard Cor 
poration, Edison, N.J. Suitable silica ?llers are SILCRON 
G-130, G-300, G-100-T, and G-100 available from SCM 
Chemicals, Baltimore, Md. Suitable silane coupling agents 
to improve the seal’s hydrolytic stability are Z6020, Z-6030, 
Z-6032, Z-6040, Z-6075, and Z-6076 available from Dow 
Corning Corporation, Midland, Mich. Suitable precision 
glass microbead spacers are available in an assortment of 
siZes from Duke Scienti?c, Palo Alto, Calif. 
[0041] The electrochromic medium 126 is capable of 
attenuating light traveling therethrough and has at least one 
solution-phase electrochromic material in intimate contact 
With the re?ector/electrode 120 and at least one additional 
electro-active material that may be solution-phased, surface 
con?ned, While one that plates out onto a surface. HoWever, 
the presently preferred medium are solution-phased redox 
electrochromics, such as those disclosed in US. Pat. Nos. 
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4,902,108; 5,128,799; 5,278,693; 5,280,380; 5,282,077; 
5,294,376; and 5,336,448. US. Pat. No. 6,020,987 entitled 
“AN IMPROVED ELECTRO-CHROMIC MEDIUM 
CAPABLE OF PRODUCINGAPRE-SELECTED COLOR, 
DISCLOSES ELECTRO-CHROMIC MEDIUM THAT 
ARE PERCEIVED TO BE GREY THROUGH THEIR 
NORMAL RANGE OF OPERATION.” The entire disclo 
sure of this patent is hereby incorporated by reference 
herein. If a solution-phase electrochromic medium is uti 
liZed, it may be inserted into chamber 125 through a sealable 
?ll port 142 through Well-knoWn techniques. 
[0042] It is knoWn in the electrochromic art that a mirror 
or WindoW may not darken uniformly When an electrical 
potential is applied to the element. The non-uniform dark 
ening results from local differences in electrical potential 
across the solid state electrochromic materials, ?uid or gel in 
an electrochromic element. The electrical potential across 
the element varies With the sheet resistance of the electrodes, 
the bus bar con?guration, the conductivity of the electro 
chromic medium, the concentration of the electrochromic 
medium, the cell spacing or distance betWeen the electrodes, 
and the distances from the bus bars. A commonly proposed 
solution to this problem is to make the coatings or layers 
composing the electrodes thicker thus reducing their sheet 
resistance and enabling a faster darkening element. As Will 
be discussed beloW there are practical penalties that are 
imparted that restrict this simplistic approach to solving the 
problem. In many instances the penalties make an electro 
chromic element unsuitable for a given application. In at 
least one embodiment of the present invention improved 
electrode materials, methods of manufacturing said elec 
trodes and bus bar con?gurations are described that solve 
problems that arise With simply thickening the electrode 
layers and result in electrochromic elements With faster, 
more uniform darkening characteristics. 
[0043] In a typical inside mirror the bus bars run parallel 
to the long dimension. This is to minimiZe the potential drop 
across the part betWeen the electrodes. The mirror also 
typically consists of a high sheet resistance transparent 
electrode and a loWer sheet resistance re?ector electrode. 
The mirror Will darken most quickly near the bus bar for the 
higher sheet resistance electrode and sloWest at some inter 
mediate position betWeen the tWo electrodes. Near the bus 
bar for the loWer sheet resistance electrode Will have a 
darkening rate betWeen these tWo values. There is a variation 
in effective electrical potential as one moves betWeen the 
tWo bus bars. In the case of tWo long parallel bus bars that 
have a relatively short distance betWeen them (distance 
betWeen the bus bars is less than half the length of the bus 
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bars) the mirror Will darken in a “WindoW shade” fashion. 
This means that the mirror darkens faster near one bus and 

the darkening appears to move betWeen the tWo bus bars in 
a gradual fashion. Typically, the darkening rate is measured 
at the middle of the part and in the case of a mirror With a 
Width to height ratio greater than 2, any non-uniformities in 
darkening rate are relatively minor. 

[0044] As the siZe of the mirrors increases, and along With 
it the distance betWeen the bus bars, the relative difference 
in the darkening rate across the parts also increases. This can 
be exacerbated When the mirrors are designed for an outside 
application. The metals that can Withstand the rigors of such 
an environment typically have loWer conductivity than met 
als such as silver or silver alloys that are suitable and 
common for inside mirror applications. A metal electrode for 
an outside application may therefore have a sheet resistance 
up to 6 ohms/sq While an inside mirror may have a sheet 
resistance of <05 ohms/ sq. In other outside mirror applica 
tions the transparent electrode may be limited in thickness 
for various optical requirements. The transparent electrode, 
such as ITO, is often limited to a 1/2 Wave thickness in the 
most common usage as described in US. Patent Application 
No. 60/888,686, entitled ELECTRO-OPTICAL ELEMENT 
WITH IMPROVED TRANSPARENT CONDUCTOR, 
Which is incorporated herein by reference. This limitation is 
due to properties of the ITO discussed herein but also due to 
the expense associated With making an ITO coating thicker. 
In other applications the coating is limited to 80% of the 1/2 
Wave thickness. Both of these thickness constraints limit the 
sheet resistance of the transparent electrode to greater than 
about 12 ohm/sq for a 1/2 Wave and up to 17-18 ohms/sq for 
a coating that is 80% of a 1/2 Wave coating. The higher sheet 
resistance of the metal and transparent electrodes results in 
a sloWer, less uniform darkening mirror. 
[0045] The darkening rate may be estimated from an 
analysis of the electrochromic element in terms of an 
electrical circuit. The discussion beloW pertains to coatings 
that have uniform sheet resistance across the element. The 
potential at any location betWeen parallel electrodes is 
simply a function of the sheet resistance of each electrode 
and the resistance of the electrochromic medium. In Table 1 
beloW, the average potential across the element betWeen the 
electrodes is presented along With the difference betWeen the 
maximum and minimum potential. This example is for an 
element With a 10 cm spacing betWeen the parallel bus bars, 
a 180 micron cell spacing, a 1.2 volt driving voltage and 
100,000 Ohm*cm ?uid resistivity. Six combinations of top 
and bottom electrode sheet resistance are compared. 

TABLE 1 

Ex: Ex: 2 Ex: 3 Ex: 4 Ex: 5 Ex: 6 

Top Plate Sheet Resistance (ohm/sq) l7 l2 l2 9 9 
Bottom Plate Sheet Resistance (ohm/sq) 0.5 5 0.5 5 0.5 
Distance Between Electrodes (cm) l0 l0 l0 l0 10 
Cell Spacing (urn) 180 180 180 180 180 180 
Fluid Resistivity (Ohm * cm) 100000 100000 100000 100000 100000 100000 
Driving Potential (V) 1.2 1.2 1.2 1.2 1.2 1.2 
Finite Element Width (cm) 1 l l l l 1 
Potential at Anode (V) 1.168 1.197 1.168 1.197 1.168 1.197 
Potential at Cathode (V) 1.096 1.096 1.125 1.125 1.143 1.143 

Average Potential (V) 1.131 1.145 1.146 1.160 1.155 1.169 
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[0046] The speed of darkening is fastest at the electrical 
contact to the highest sheet resistance electrode and is 
related to the effective potential at this position. The higher 
the effective potential adjacent to this electrical contact (or 
elseWhere) the faster the average darkening of the mirror 
Will be. The fastest overall darkening time Will occur When 
the potential is as high as possible across the part. This Will 
drive the electrochemistry to darken at an accelerated rate. 
The sheet resistance of the coatings on both the top and 
bottom substrates plays a role in determining the effective 
potential betWeen the electrodes, but as can be seen from the 
table the high sheet resistance electrode plays a more critical 
role. In past electrochromic art the improvements Were 
driven almost exclusively by loWering the sheet resistance of 
the loW resistance electrode, due to the use of materials such 
as silver that provided substantive bene?ts and Was rela 
tively easy to implement. 
[0047] The overall rate can be increased as the driving 
potential is increased but the trends Will be constant inde 
pendent of the driving voltage. Further, the current draW at 
a given voltage in?uences the darkening uniformity. Uni 
formity can be improved by adjustments to cell spacing, 
concentration, or choice of electrochromic materials, but 
often improvements in uniformity using these adjustments 
can have a negative impact on darkening speed, clearing 
speed or both darkening and clearing speed. For example, 
increasing cell spacing and decreasing ?uid concentration 
Will decrease the current draW and Will thereby improve 
uniformity, but the clearing time Will increase. Therefore, 
the sheet resistance of the layers must be appropriately set to 
attain both speed of darkening and uniformity of darkening. 
Preferably the sheet resistance of the transparent electrode 
should be less than 11.5 ohms/sq, preferably less than 10.5 
ohms/ sq and more preferably less than 9.5 ohms/ sq and due 
to the optical requirements discussed beloW, in some 
embodiments, the thickness of the transparent electrode 
should be less than about a half Wave optical thickness. 
Alternatively, the transparent electrode may comprise an 
IMI type coating. The re?ector electrode should be less than 
about 3 ohms/sq, preferably less than about 2 ohms/sq and 
most preferably less than 1 ohm/sq. A mirror or electrochro 
mic element so constructed Will also have a relatively 
uniform darkening such that the difference in darkening time 
betWeen the fastest and sloWest darkening rate is less than a 
factor of 3, preferably less than a factor of 2 and most 
preferably less than a factor of 1.5. Novel, high-perfor 
mance, loW-cost materials are discussed beloW that enable 
these fast, uniform darkening elements. 
[0048] In other applications it may be impractical to have 
tWo relatively parallel bus bars. This may be due to an 
uneven shape common With outside mirrors. In other cir 
cumstance it may be desirable to have a point contact to the 
loW resistance electrode. The point contact may enable the 
minimization or elimination of the laser deletion line used in 
some applications. The use of a point contact simpli?es or is 
preferential for some aspects of the mirror construction but 
it makes it di?icult to achieve a relative uniform potential 
across the part. The elimination of the relatively long bus 
along the loW resistance re?ector electrode e?‘ectively 
increases the resistance of the electrode. Therefore, novel 
combinations of bus bars and coating sheet resistance values 
are needed to attain fast, uniform darkening. 

[0049] As noted above one skilled in the art Would have 
anticipated that it Would require extremely loW sheet resis 
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tance values on the metal re?ector electrode to enable a point 
contact scheme. HoWever, it is necessary to have a loWer 
sheet resistance for the transparent electrode to improve the 
uniformity. Table 2 shoWs the results of the uniformity 
experiments. In this test We made solution phase electro 
chromic elements that Were approximately 8 inches Wide by 
6 inches tall. The bene?ts of element designs discussed 
herein pertain predominantly to large elements. A large 
element is de?ned as one that has the minimum distance 
from the edge of any point on the edge of the vieWing area 
to the geometric center is greater than approximately 5 cm. 
Lack of uniform darkening becomes even more problematic 
When the distance is greater than approximately 7.5 cm and 
even more problematic When the distance is greater than 
approximately 10 cm. The sheet resistance of the transparent 
electrode (ITO) and the metal re?ector Were varied as noted 
in Table 2. Contact Was made to the metal electrode With a 
point contact. A clip contact such as the so called J-clip Was 
used With an Ag paste line approximately 1" long to provide 
electrical contact to the metal re?ector along one of the short 
length sides of the mirror. Electrical contact Was made to the 
transparent electrode via an Ag paste along the one side 
opposite the point contact and continuing doWn one third of 
the distance along both long sides of the mirror. The 
darkening time (T5515) Was measured at three locations on 
the mirror. Position 1 is near the point contact, position 2 is 
at the edge of the transparent electrode bus opposite the 
point contact and position 3 is at the center of the mirror. The 
T5515 time (in seconds) is the time it takes the mirror to go 
from 55% re?ectance to 15% re?ectance. The max re?ec 
tance is the maximum re?ectance of the mirror. The delta 
T5515 is the time difference betWeen either point 1 and point 
2 or betWeen point 2 and point 3. This is a measure of the 
difference in darkening rate betWeen the fastest position and 
the other tWo locations on the mirror. As the darkening 
becomes more uniform these numbers become closer 
together. The timing factor is the darkening time at a given 
position divided by the time at the fastest position. This 
shoWs the relative scaling of time betWeen the different 
locations independent of the absolute rate at any given 
location. As noted above, it is preferred to have a timing 
factor less than 3 and preferable less than 2 and most 
preferably less than 1.5. It can be seen from Table 2 that We 
do not attain a timing factor of 3 When the ITO sheet 
resistance is at 14 ohms/sq for this particular mirror con 
?guration. All three examples With an ITO With 9 ohms per 
square have timing factors less than 3. The center of mirror 
reading is the location that deviates most from the fastest 
location. A statistical analysis Was conducted on this data 
Which revealed unexpectedly that the ITO sheet resistance 
Was the sole factor that contributed to the timing factor. 
Using the statistical models an ITO sheet resistance of less 
than about 11.5 ohms/ sq is needed to have a timing factor of 
3.0 or less for this embodiment. Using the same statistical 
models the ITO must have a sheet resistance of less than 7 
ohms/sq for the timing factor to be less than 2.0 for this 
mirror con?guration. Even though the timing factor is not 
affected by the sheet resistance of the third surface re?ector 
the overall darkening rate is affected. When the sheet 
resistance of said re?ector is less than or equal to 2 ohms/sq 
and the ITO is at approximately 9 ohms/ sq the darkening 
rate for this mirror is less than 8 seconds in the center. This 
value corresponds approximately to a mirror of similar siZe 
With a conventional bus arrangement. Therefore, by loWer 
ing the sheet resistance of the ITO a point contact is enabled 
With a relatively high sheet resistance re?ector. 
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bus bar ratio is the length of the ITO contact relative to the 
TABLE 2 small re?ector contact of approximately 2 cm or less. 

M [0051] The data from Table 3 shoW that increasing the bus 
635- - . . . 

Re?ector ITO urement Max delta timing length of the higher sheet res1stance electrode s1gn1?cantly 
Ohms/Sq Ohm/Sq Position R???ctam? T5515 T5515 factor 1mproves un1form1ty. For the 2 ohm/sq. re?ector, 1ncreas1ng 

the length of the bus contact from 40% to 85% improves the 
0-5 9 1 55-3 3-7 1-3 1-6 timing factor from 2.4 to 1.7. For the 0.5 ohm/sq re?ector, 
0-5 9 2 55-5 2-3 the same change in ITO bus length from 40 to 85% improves 
0.5 9 3 55.3 6.0 3.7 2.6 ~ ~ ~ ~ ~ the t1m1ng factor from 3.2 to 1.2 and s1gn1?cantly 1mproves 
1 9 1 56.0 5.4 2.3 1.7 . . . 
1 9 2 5 60 M the darken1ng rate. It is noted that the element With the loWer 
1 9 3 560 72 4_1 23 sheet resistance re?ector is generally faster to darken than 
2 9 1 55.8 5.0 19 1_6 the comparable 2 ohm/sq. case, but the uniformity of the 0.5 
2 9 2 55.9 3.1 ohm case With a shorter ITO contact is actually Worse as 
2 9 3 55-9 7-8 4-6 2-5 demonstrated by the timing factor. The increase bus length 
0-5 14 1 56-5 5-6 2-8 2-0 to the ITO is particularly helpful for the element With the 0.5 
0'5 14 2 56'6 2'9 ohm/sq. re?ector. 
0.5 14 3 56.5 10.2 7.3 3.6 _ _ _ 

1 14 1 516 68 3A 10 [0052] When the contact percentage 1s 1ncreased, the posi 
1 14 2 57_6 3_4 tion of the fastest and sloWest darkening can change as Well. 
1 14 3 57.5 12.2 31; 3_6 In this example higher contact percentage signi?cantly 
2 14 1 57.3 8.4 4.4 2.1 improves the darkening times at both positions 1 and 3 and 

the corresponding timing factors. 

TABLE 3 

Contact Bus Bar Re?ector ITO Measurement Max delta timing 
Percentage Ratio ohms/sq ohm/sq Position Re?ectance T5515 T5515 factor 

85 20 2 9 1 57.0 2.9 
85 20 2 9 2 57.0 3.7 0.8 1.3 
85 20 2 9 3 57.3 4.8 1.9 1.7 
58 13 2 9 1 56.6 3.4 
58 13 2 9 2 57.2 3.5 2.2 1.0 
58 13 2 9 3 57.5 5.6 2.2 1.6 
40 9 2 9 1 56.9 8 4.6 2.4 
40 9 2 9 2 57.3 3.4 
40 9 2 9 3 57.4 8.2 4.8 2.4 
85 20 0.5 9 1 56.0 3 
85 20 0.5 9 2 56.2 3 
85 20 0.5 9 3 56.1 3.5 0.5 1.2 
58 13 0.5 9 1 55.8 4 1.5 1.6 
58 13 0.5 9 2 56.1 2.5 
58 13 0.5 9 3 56.0 3.5 1 1.4 
40 9 0.5 9 1 55.5 8.2 5.6 3.2 
40 9 0.5 9 2 55.8 2.6 
40 9 0.5 9 3 56.0 4.9 2.3 1.9 

[0053] These experiments demonstrate that When using a 
TABLE 2-continued short bus With the loW sheet resistance electrode it is 
M bene?cial to increase the bus length to the opposite electrode 
ms. . . . . 

Re?ector ITO urement Max delta timing to improve un1form1ty. Ideally, therefore for large m1rrors We 
ohms/sq ohm/sq Position Re?ectance T5515 T5515 factor prefer the rano of the lengths of the bus bars to be greater 

than 5:1, preferably greater than 9: 1, even more preferably 
5 1: g 1:8 9 9 3 5 greater than 13:1 and most preferably greater than 20:1 to 

' ' ' ' attain a timing factor beloW 3. We also ?nd that independent 

_ of the length of the smaller bus that uniformity improves by 
[0050] The uneXPeeted role of the Sheet res1stance of the increasing the length of the bus to the higher sheet resistance 
ITO in the uniformity and speed of darkening Was expanded 
on in another set of experiments. In these experiments the 
length of bus bar contact to the higher sheet resistance 
electrode, in this example ITO, Was extended further doWn 
the sides of the mirror and even onto the bottom edge of the 
mirror in some cases. Table 3 demonstrates the effect on 
uniformity With changes in bus length. In these tests the 
element shape and con?guration are the same as for Table B 
above except Where noted. The contact percentage is a 
percentage comparison of the bus bar length of the ITO 
contact compared to the total length of the perimeter. The 

electrode to acquire a contact percentage preferably greater 
than approximately 58% and more preferably greater than 
approximately 85%. Typical large EC mirrors have a contact 
percentage less than 50%. The examples noted above use 
ITO as the transparent electrode. Alternatively, an IMI 
coating as described herein may be used With comparable 
speed and uniformity results. 
[0054] A combination re?ector/electrode 120 is disposed 
on the third surface 114a and comprises at least one layer of 
a re?ective material 121 Which serves as a mirror re?ectance 
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layer and also forms an integral electrode in contact With and 
in a chemically and electrochemically stable relationship 
With any constituents in an electrochromic medium. As 
stated above, the conventional method of building electro 
chromic devices Was to incorporate a transparent conductive 
material on the third surface as an electrode, and place a 
re?ector on the fourth surface. By combining the “re?ector” 
and “electrode” and placing both on the third surface, 
several advantages arise Which not only make the device 
manufacture less complex, but also alloW the device to 
operate With higher performance. For example, the com 
bined re?ector/electrode 120 on the third surface 114a 
generally has higher conductance than a conventional trans 
parent electrode and previously used re?ector/electrodes, 
Which alloWs greater design ?exibility. One can either 
change the composition of the transparent conductive elec 
trode 128 on the second surface 112!) to one that has loWer 
conductivity (being cheaper and easier to produce and 
manufacture) While maintaining coloration speeds similar to 
that obtainable With a fourth surface re?ector device, While 
at the same time decreasing substantially the overall cost and 
time to produce the electrochromic device. If, hoWever, 
performance of a particular design is of utmost importance, 
a moderate to high conductivity transparent electrode can be 
used on the second surface, such as, for example, ITO, IMI, 
etc. The combination of the high conductivity (i.e., less than 
250 Ohms/square, preferably less than 15 Ohms/square) 
re?ector/electrode 120 on the third surface 114a and the high 
conductivity transparent electrode 128 on the second surface 
112!) Will not only produce an electrochromic device With 
more even overall coloration, but Will also alloW for 
increased speed of coloration and clearing. Furthermore, 
fourth surface re?ector mirror assemblies include tWo trans 
parent electrodes With relatively loW conductivity, and in 
previously used third surface re?ector mirrors there is a 
transparent electrode and a re?ector/electrode With rela 
tively loW conductivity and, as such, a long bus bar on the 
front and rear element to bring current in and out is neces 
sary to ensure adequate coloring speed. 
[0055] The layer of a transparent electrically conductive 
material 128 is deposited on the second surface 112!) to act 
as an electrode. The transparent conductive material 128 
may be any material Which bonds Well to front element 112, 
is resistant to corrosion to any materials Within the electro 
chromic device, resistant to corrosion by the atmosphere, 
has minimal diffuse or specular re?ectance, high light trans 
mission, near neutral coloration, and good electrical con 
ductance. 

[0056] In the present example, the transparent conductive 
material 128 includes an insulator 131 proximate the second 
surface 112b, a metal layer 133, and an insulator layer 135 
proximate the electrochromic medium 126, Which cooperate 
to form an insulator/metal/insulator (IMI) stack 139. If 
desired, an optional layer or layers of a color suppression 
material 130 may be deposited betWeen the transparent 
conductive material 128 and the second surface 112!) to 
suppress the re?ection of any unWanted portions of the 
electromagnetic spectrum. Further, a barrier layer 137 may 
also be incorporated, as discussed beloW. The materials 
utiliZed to construct the insulator/metal/insulator stack are 
selected to optimiZe optical and physical properties of the 
electrochromic element such as re?ectivity, color, electrical 
sWitch stability and environmental durability. 
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[0057] While the general concept of utiliZing an insulator/ 
metal/insulator stack Within electrochromic mirror applica 
tion has been disclosed in Us. Pat. Nos. 5,239,406; 5,523, 
877; 5,724,187; 5,818,625; and 5,864,419, these fail to teach 
speci?c stack instructions to attain various required proper 
ties in order to create a functional and durable electrochro 
mic device utiliZing an insulator/metal/insulator transparent 
electrode. 

[0058] The description herein details the requirements and 
properties of necessary for creating the present inventive and 
useful IMI stack 139. The particular construction of the 
present inventive IMI stack 139 overcomes many previous 
shortcomings and problems associated With utiliZing an IMI 
stack Within an electrochromic element. Speci?cally, it has 
been determined that IMI coatings behave differently in 
electrochromic elements as compared to single layer trans 
parent conducting oxides (TCO) When considering visible 
light transmittance. The re?ectivity of a mirror or the 
transmittance of a WindoW is directly dependent upon the 
absorption of the glass coated With a transparent electrode, 
With the re?ectivity of the mirror or WindoW being reduced 
When the transparent electrode exhibits substantial absorp 
tion. If the transmittance of the transparent electrode is loW 
due to re?ection losses then a WindoW made With such a 
transparent electrode Will have a loW transmittance and 
potentially unacceptable re?ectivity. The transmittance of a 
TCO Will increase When placed in contact With an electro 
chromic medium With a refractive index higher than air, 
resulting in a drop in re?ectance as Well leaving the coated 
glass With approximately the same absorption. As a result, if 
a TCO Was used in a WindoW the resultant re?ectivity Will 
drop and the transmittance Will increase relative to the parts 
in air. HoWever, IMI coatings generally do not behave in this 
manner. The transmittance of an IMI coating may increase, 
decrease or stay the same When placed in contact With an 
electrochromic medium compared to When the IMI coating 
is in contact With air. Therefore, proper IMI coating con 
struction cannot be generaliZed and the associated behavior 
Within electrochromic applications calculated as can be done 
With respect to TCO coatings. The present inventive elec 
trochromic elements incorporate IMI coatings exhibiting a 
relative high transmittance and loW sheet resistance suitable 
for electrochromic applications. Particularly, the behavior of 
the coatings as described Work exceptionally Well Within an 
electrochromic cell as compared to air as virtually all prior 
art IMI-type coatings have been previously described. 
[0059] As an example, FIG. 5 illustrates the different 
transmittance of an ITO on glass When the incident medium 
is air or an electrochromic ?uid. In this case, the electro 
chromic ?uid is predominantly composed of propylene 
carbonate With a refractive index of 1.44 at 550 nm. The 
dominant reason for the change in transmittance is due to a 
reduction in the re?ectivity. The electrochromic ?uid case 
actually has slightly higher absorption (0.2%) as compared 
to the air case. HoWever, the change in transmittance 
betWeen air as compared to electrochromic ?uid is not 
straightforward. An analysis of an IMI stack consisting of 
glass, a dielectric With an index of 2.0, a silver layer and a 
top layer also With a refractive index of 2.0 Was performed, 
With the thickness of each dielectric and the silver layers 
being varied. The change in transmittance betWeen air and 
the electrochromic ?uid Was calculated (electrochromic 
?uid minus air) and the results Were statistically analyZed to 
determine the trends. FIG. 6 illustrates the complex rela 
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tionships that exist as relatively simple three-layer IMI 
stack. In each of the contour plots as shown in FIG. 6, tWo 
of the layers Were varied While the other layer Was held 
constant. 

[0060] The particular components utilized to construct the 
present inventive IMI stack 139 assist in increasing the 
transmittance of the stack, With the refractive index of 
dieletric layers generally being held as high as possible. The 
relatively high refractive indices assist in increasing the 
transmittance of the stack 139 With an appreciable thick 
silver or silver alloy layer. The need for higher refractive 
indices for the dielectrics is more critical When the IMI 
coating is positioned proximate to a relatively high index 
electrochromic ?uid as compared to When this same coating 
Would be placed next to air. The higher refractive indices 
also assists in attaining a range of colors at relatively high 
transmittance levels. Preferably, the refractive indices of the 
dielectric layers are greater than 1.7, more preferably greater 
than 2.0 and most preferably greater than 2.5. 
[0061] Table 4 lists the transmittance of a number of stacks 
that demonstrate the transmittance of the IMI stacks With 
different dielectric refractive indices and silver thicknesses. 
The values Were calculated With a thin ?lm computer 
program (TFCalc) as available from SoftWare Spectrum, 
Inc., of Portland, Oreg. As noted in Table 4, silver thickness 
Was ?xed and the dielectrics Were optimiZed to maximiZe 
the transmittance. The thickness of the layers in Table 2 are 
in angstroms. Speci?cally, dielectrics exhibiting four di?‘er 

Sep. 6, 2007 
10 

ent refractive indices Were used in the models, including 
titanium oxide, (With two different refractive indices) 
indium Zinc oxide (IZO) and a mixed titanium silicon ixoide 
layer. The titanium dioxide may be doped to increase the 
electrical bulk resistance. The transmittance is shoWn With 
air and electrochromic ?uid located proximate to the IMI 
stack. It is noted that the higher refractive indices provide 
higher transmittance values and that these high transmit 
tance values are maintained With thicker silver layers, 
thereby alloWing relatively high transparency in a WindoW 
or high re?ectivity in a mirror at loWer sheet resistance 
values. As a result, faster sWitching times are obtained for 
the associated electrochromic element. The ability to obtain 
higher refractive index dielectrics to maintain a high trans 
mittance over a broad range of silver thicknesses also 
indicates the room to adjust the layers for other attributes 
such as re?ected or transmitted color. The thickness of the 
dielectrics may also be thinner When the refractive index is 
higher, thereby translating into a more economical product 
as Well as a more versatile stack. Preferably, the transmit 
tance to be greater than about 50%, more preferably above 
about 60%, even more preferably above 70%, even more 
preferably above 80% and most preferably above 90%. If 
high transmittance is the principle design criteria, the silver 
layer is preferably less than 300 angstroms in thickness, 
more preferably less than 200 angstroms, even more pref 
erably less than 150 angstroms, and most preferably less 
than 100 angstroms. 

TABLE 4 

Transmittance values for di?erent IMI stacks 

Glass TiO2High Ag TiO2High PC TiO2/Air TiO2/PC Index 

377 50 368 81.4 89.0 2.8 
345 75 337 82.6 90.0 
312 100 303 84.7 91.0 
274 125 265 87.0 91.3 
252 150 269 89.1 90.2 
257 175 274 89.2 87.2 
268 200 272 87.2 82.6 

Glass TiO2 Ag TiO2 PC TiO2/Air TiO2/PC Index 

408 50 404 84.4 91.1 2.4 
372 75 363 85.7 91.7 
331 100 317 87.5 92.0 
299 125 300 89.7 91.3 
302 150 310 90.3 88.6 

311 175 313 88.7 84.1 
316 200 317 84.9 78.0 

Glass IZO Ag IZO PC IZO/Air IZO/ PC Index 

439 50 416 87.6 91.0 2 

419 75 428 89.2 89.3 
442 100 444 88.3 84.9 
445 125 445 84.9 78.8 

441 150 442 79.5 71.4 

Glass TiSi206 Ag TiSi206 PC TiSi206/Air TiSi206/PC Index 

563 25 445 91.5 93.9 1.7 
561 50 548 92.5 90.8 

567 75 559 90.0 84.8 
542 125 539 78.1 68.0 
551 100 547 85.1 76.9 

543 150 537 69.7 58.9 
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[0062] In addition to the real part of the refractive indices 
for the dielectrics the imaginary component of the refractive 
index of the dielectrics is addressed. The imaginary part of 
the refractive index affects the absorption of light in the 
dielectric layers. The dielectric layers of the IMI stack act to 
minimize the standing electrical ?eld of the light in the metal 
layer, thereby enhancing the electrical ?eld in the dielectric 
layers. The magnitude of the absorption due to the imaginary 
part of the refractive index is therefore increased relative to 
What Would be seen in the dielectric layer alone in a 
substrate. As a result, it is important to minimiZe the amount 
of absorption in the dielectric layers to maximiZe the trans 
mittance of the transparent electrode. Conversely, the 
absorption in the dielectric layers may be used to tune the 
transmittance of an IMI stack Without the need to adjust the 
metal layer Which may be ?xed for other optical or electrical 
requirements. 
[0063] Table 5 shoWs the effect of absorption in the IMI 
dielectric on the attainable transmittance for a ?xed refrac 
tive index of the dielectric. Thin ?lm modeling Was again 
used to calculate the transmittance and re?ectance for IMI 
stacks With different dielectric layers With approximately the 
same real refractive index, n. The silver thickness Was ?xed 
at 100 angstroms and the dielectric layers Were alloWed to 
move during the transmittance optimiZation. The maximum 
transmittance is highly correlated to the k value in the 
dielectric. This data Was ?t With a linear curve to generate an 
equation linking transmittance to k value in the dielectric. 
The transmittance versus k values based on this equation are 
shoWn in Table 6. In order to obtain a transmittance greater 
than 50%, the k value is preferably less than about 0.2, more 
preferably less than 0.1, even more preferably less than 0.04, 
even more preferably less than 0.01 and most preferably less 
than 0.005. At the most preferable level and beloW there is 
little change in transmittance With changing k value. These 
preferred ranges Were determined utiliZing a ?xed real index 
for the layers at 2.0. The preferred values for k may shift 
slightly When other real refractive indices are used. 

TABLE 5 

Effect of absorption (k) on the maximum attainable transmittance 
and loWest absorption for a ?xed 11 value. 

Dielectric 

n k R T A 

ITO cold 2.025 8.61E-04 7.70 88.06 4.24 
SiN 2 2.026 1.18E-03 7.61 88.12 4.27 
AZO 1.975 5.41E-03 8.81 85.64 5.55 
IZO 2.016 1.04E-02 7.95 85.62 6.43 
SiN 1 2.120 1.30E-02 6.01 87.32 6.67 
SiN 3 2.000 2.30E-02 8.26 82.84 8.90 
SiN 5 2.000 2.82E-02 8.30 81.99 9.71 
SiN 6 2.000 3.89E-02 8.51 80.16 11.33 
SiN 4 2.000 4.97E-02 9.01 78.34 12.65 

TABLE 6 

Transmittance versus k value using equation 
based on values from Table 4. 

Estimated 
k Transmittance 

1.00E-05 88.0 
5.00E-05 88.0 
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TABLE 6-continued 

Transmittance versus k value using equation 
based on values from Table 4. 

Estimated 
k Transmittance 

1.00E-04 88.0 
5.00E-04 87.9 
1.00E-03 87.8 
2.00E-03 87.6 
3.00E-03 87.4 
4.00E-03 87.2 
5.00E-03 87.0 
1.00E-02 86.0 
2.00E-02 84.0 
3.00E-02 82.0 
4.00E-02 80.0 
5.00E-02 78.0 
6.00E-02 76.0 
7.00E-02 74.0 
8.00E-02 72.0 
9.00E-02 70.0 
1.00E-01 68.0 
1.10E-01 66.0 
1.20E-01 64.0 
1.30E-01 62.0 
1.40E-01 60.0 
1.50E-01 58.0 
1.60E-01 56.0 
1.70E-01 54.0 
1.80E-01 52.0 
1.90E-01 50.0 
2.00E-01 48.0 

[0064] It is noted that in some applications, it may be 
advantageous for only part of a dielectric layer to exhibit a 
high refractive index, thereby obtaining optical advantages, 
such as re?ected and transmitted color tuning that Would 
bene?t from a combination of indices, or a gradient index in 
the dielectric layer. 
[0065] Another approached to maximiZing transmittance 
in the silver layer(s) Within the IMI stack 139 is to create the 
silver layers With as loW a refractive index (real portion) as 
possible. This relatively loW refractive index can be obtained 
via several means. Depositing the silver layers upon Zinc 
oxide Will assist in producing silver With a relatively loW 
refractive index, due to a crystal match betWeen Zinc oxide 
and silver. Speci?cally, the silver is groWn pseudo epitaxi 
ally and has a dense structure, While the Zinc oxide layer 
typically has a crystalline structure When deposited via 
sputtering. The Zinc oxide layer therefore has the propensity 
to develop a rough surface due to its crystalline nature. The 
thickness of the Zinc oxide layer in the stack must therefore 
be controlled such that the roughness Which often scales 
With the thickness does not become overly large. Further, 
deposition parameters for the Zinc oxide may be used to 
control the layer morphology and minimiZe the thickness at 
various overall thickness levels. 

[0066] The refractive index of silver is also related to its 
electrical properties. For a given silver coating the preferred 
layer Will have a loW bulk resistance, thereby resulting in 
higher transmittance values. TWo Ways are employed to 
reduce the bulk resistance of the coating, including increas 
ing the electron carrier concentration, and increasing the 
electron mobility. The resulting IM stacks has a higher 
transmittance due to an increase in the electron mobility. 
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[0067] In addition to the electrical properties of the silver 
layer the d-band electrical transitions also affect the prop 
erties of the silver layer. In silver, as With most transition 
metals, electrons may be excited to higher energy levels, 
Wherein transitions occur in the d-band or d orbitals in the 
metals. These transitions signi?cantly affect the refractive 
index of the metals. By altering the electron concentration in 
the metal, the frequency at Which the onset of absorption 
may occur Was changed. This Was attained by shifting the 
d-band transitions to higher frequencies thus loWer the 
refractive index of the associated silver layer in the visible 
region and thus increasing the transmittance. Preferably the 
real part of the Ag refractive index in at least one portion of 
the visible spectrum betWeen 380 and 780 nm should be less 
than about 0.12, more preferably less than about 0.10, even 
more preferably less than about 0.08 and most preferably 
less than about 0.06. 

[0068] The interfaces betWeen the silver and the neigh 
boring materials dramatically affect the ?nal transmittance 
(and sheet resistance) of the IMI stack. LoW absorption 
Within the IMI stack occurs as the roughness of the inter 
faces decreases, or mixing betWeen the silver and the 
dielectric increases, With the absorption at a maximum When 
the layers are atomically smooth. The materials for the IMI 
stack and deposition Were selected to provide smooth layers 
and interfaces. Further, as the roughness of the interfaces 
increase, the optical constants of the silver, particularly the 
electron mobility, decreases, thus affecting the transmittance 
in a negative manner. Preferably the peak to valley rough 
ness of the surface of the layer(s) beloW the Ag or metal 
layer is less than about 50 angstroms, more preferably less 
than about 30 angstroms, even more preferably less than 
about 15 angstroms and most preferably less than about 10 
angstroms. Ideally, the process settings for the various layers 
beneath the Ag or metal layer can be adjusted by altering the 
deposition process settings or method. In the case Where this 
is not feasible in one embodiment the layers may be 
smoothed by ion beam techniques to provide the needed 
surface roughness. 
[0069] Further considerations Were made regarding the 
selection of materials placed next to the silver layer(s). Even 
With optically smooth interfaces there exist interface states 
knoWn as surface plasmons. The surface plasmons act as 
normal layers and do not signi?cantly affect the re?ection 
properties of the stack but dramatically affect the transmit 
tance intensity. The frequency, or peak absorption of the 
plasmons, is a function of the dielectric function of the 
neighboring materials and on the plasma frequency of the 
silver layer. Therefore, bene?ts Were obtained by appropri 
ate material choices independent of the apparent properties 
seen in thin ?lm models. Ideally, the plasma frequency of the 
silver layer should to be as high as possible, With the layers 
located adjacent to the silver layer having dielectric con 
stants selected such that the frequency of the surface plas 
mons do not lead to appreciable absorption in the coating. 

[0070] In some applications, a loWer transmittance Within 
an electrochromic mirror or WindoW is desired, While main 
taining acceptable color, re?ectance and loW sheet resis 
tance. As an example, utiliZing a metal such as silver for the 
re?ector, it is possible to modify the transmittance of an IMI 
coating to loWer the re?ectance of the mirror to meet market 
requirements. In these cases, introduction of materials into 
the IMI stack to create surface plasmon layers Would result 
in controlled absorption in the visible region. In this manner, 
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the transmittance of the IMI coating is tuned While main 
taining preferred properties in other areas. Other means, 
such as placing barrier or seed layers adjacent to the silver 
layer may be utiliZed. In this manner, thin metal layers 
adjacent to the silver Will lead to loWer transmittance values, 
and may be used to assist in tuning the transmitted color. 

[0071] Other means are available to increase the transmit 
tance of IMI type coatings. As noted above the refractive 
index of the silver or metal layer is critical to attaining high 
transmittance values. Post deposition annealing of a coating 
is another means to increase the transmittance. By heating 
the sample at elevated temperatures for a given period of 
time the transmittance of the coating can be increased While 
simultaneously reducing the sheet resistance of the coating. 
A time-temperature study Was conducted on a ?ve layer IMI 
stack. The stack consisted of glass/IZO/AZO/Ag/AZO/IZO 
Wherein IZO is indium Zinc oxide With a percentage of Zinc 
betWeen about 1 and 99 percent and AZO is aluminum 
doped Zinc oxide Wherein the doping level of the aluminum 
is betWeen about 0.25% and 10%. The AZO layers Were 
approximately 50 angstroms thick, While the silver thickness 
Was about 80 angstroms thick and the IZO layers Were 
approximately 440 angstroms. The stacks Were heated at 
three different temperatures and for various times. FIG. 7 
illustrates the results of the change in transmittance With 
heating conditions, While FIG. 8 illustrates the change in 
sheet resistance for the same heating conditions. As is 
illustrated, improved IMI stacks are created With post depo 
sition heat treatment. Other metals can, of course, be used in 
replacement of silver, With the preferred metals should have 
a loW refractive index to alloW appropriate admittance 
matching of the metal to occur. Preferred metals include 
silver, gold, copper, aluminum Zinc, magnesium, beryllium, 
cadmium, Zirconium, and vanadium. Preferably the coatings 
are heated betWeen about 150 and 450C, more preferably 
betWeen 200 and 400C and most preferably betWeen 250 
and 350C. Preferably the heating time should be betWeen 5 
and 40 minutes, more preferably betWeen 5 and 20 minutes 
and most preferably betWeen 10 and 20 minutes. 

[0072] The color of the electrochromic WindoW or mirror 
is a critical aesthetic characteristic, With color neutrality 
being preferred in many applications. For example, modern 
architectural WindoWs are designed to have a high “color 
rendering index” (CRI) Wherein the color of objects is not 
altered by vieWing through a transparency, With a color 
rendering index of 100 being a perfect situation and values 
above 80 being acceptable, values above 90 being preferred, 
and values above 95 being more preferred. The color ren 
dering index is de?ned in the folloWing reference document 
“CIE Publication 13.3. Method ofmeasuring & specifj1ing 
colour rendering properties of light sources. CIE, 1995”. 
The re?ected color of a mirror changes When the mirror is 
transitioned to the darkened state. When the mirror is fully 
darkened, the observed color and re?ectivity are due essen 
tially from the ?rst and second surfaces of the top surface of 
the glass. U.S. Pat. No. 6,816,297 entitled ELECTRO 
CHROMIC MIRROR HAVING A SELF-CLEANING 
HYDROPHILIC COATING, issued Nov. 9, 2004, and Us. 
Pat. No. 6,020,987, entitled ELECTROCHROMIC 
MEDIUM CAPABLE OF PRODUCING A PRE-SE 
LECTED COLOR, issued Feb. 1, 2000, each commonly 
assigned With the present invention and incorporated herein 
by reference, detail hoW coatings on the ?rst surface of the 




































